Abstract Human embryonic stem cells have the potential to differentiate into all human cell types and therefore hold a great therapeutic promise. Differentiation into the embryonic endoderm and its derivatives is of special interest since it can provide a cure for severe widespread clinical conditions such as diabetes and hepatic failure. In this work we established a unique experimental outline that enables the study of early human endoderm development and can help improve and create new differentiation protocols. To this end we started with mesendoderm cells and separated them into early endoderm and mesoderm progenitor cells using CXCR4 and PDGFRA cell surface markers. We molecularly characterized the different lineages, and demonstrated the importance of the TGFβ pathway in definitive endoderm initiation. The endoderm progenitor cells were then purified creating an endodermal differentiation niche that is not affected by other cell populations. We followed the differentiation of these cells at different time points, and demonstrated an up regulation of genes indicative to differentiation into both foregut and hindgut. Surprisingly, upon continued culture, there was significant down regulation of the hepatic gene signature. This down regulation could be rescued with FGF2 treatment demonstrating its importance in hepatic cell maintenance. In conclusion, we suggest that isolating endoderm progenitor cells is crucial for the analysis of their fate, and enables the identification of factors involved in their differentiation and maintenance.
Introduction
Human embryonic stem cells (HESCs) can differentiate into the three embryonic germ layers and have the potential to develop into every cell in the human body (Thomson et al., 1998) . In order to enable the clinical practice of HESC cell therapy it is essential to understand their differentiation course into the various cell types, and to generate appropriate differentiation protocols. Differentiation into the endoderm lineage is of special interest since it gives rise to both pancreatic and hepatic cells that have high clinical value (Murry and Keller, 2008) . Since the isolation of HESCs, multiple differentiation protocols into diverse endoderm derivatives have been published, including pancreatic beta cells (D'Amour et al., 2006; Jiang et al., 2007a Jiang et al., , 2007b Shim et al., 2007) , hepatic cells (Roelandt et al., 2010; Si-Tayeb et al., 2010) , lung alveolar epithelial cells (Van Vranken et al., 2007; Wang et al., 2007) and intestinal tissue (Spence et al., 2010) . These differentiation protocols were mostly based on developmental cues that were discovered in animal models. Despite the tremendous progress in studying endoderm differentiation, the intermediate progenitor cells that play a significant role in the differentiation into mature endoderm derivative and their interactions are still largely unknown.
During early stages of development the inner cell mass (ICM), from which HESCs are derived, differentiates into a limited set of cell types: the primitive endoderm that will contribute to extra embryonic tissues, and the three embryonic germ layers -the ectoderm, mesoderm and endoderm. The three embryonic germ layers are generated through the complex process of gastrulation. The study of these early stages of human development has been demonstrated by several groups (reviewed in Murry and Keller, 2008 ). Previously we demonstrated via an embryoid body (EB) differentiation protocol, that HESCs initially differentiate into three distinct cell populations (Kopper et al., 2010) . These cell populations could be isolated by specific cell surface markers. Molecular characterization determined that these cell populations represent the extra embryonic endoderm, primitive ectoderm and the mesendoderm.
In this work we aimed to demonstrate the transition of the mesendoderm cell population into endoderm derivatives and to characterize the various intermediate progenitor cell populations. Using specific cell surface markers we separated the mesendoderm into mesoderm and endoderm progenitor cells. We then molecularly characterized endoderm progenitor cells, purified and differentiated them in a controlled environment, in which we minimized the signals from other cell lineages. Finally, we were able to point out the major cell populations that emerge in the course of differentiation of HESCs into endodermal derivatives and the involvement of FGF2 in hepatic cell maintenance.
Results
Previously, it was shown that three days after aggregation into embryoid bodies (EBs), HESCs differentiate into three major cell populations that correspond to the extra embryonic endoderm, primitive ectoderm and the mesendoderm (Kopper et al., 2010) . The extra embryonic endoderm and mesendoderm cell lineages can be isolated using antibodies against erythropoietin receptor (EPOR) and N-CADHERIN (NCAD), respectively. In order to better characterize the mesendoderm cells we analyzed them using DNA microarray, and screened the entire set of genes expressed in the NCAD + cell population for additional uniquely expressed cell surface markers. We found that both CXCR4 and PDGFRA genes are exclusively expressed in NCAD + cells (Fig. 1A) , moreover, CXCR4 and PDGFRA are associated with early mouse endoderm and mesoderm cell lineages (respectively) (McGrath et al., 1999; Yusuf et al., 2005; Mizoguchi et al., 2008; Yang et al., 2008; Ataliotis et al., 1995; Mercola et al., 1990) . Indeed, FACS analysis on 3-day old dissociated EBs with antibodies against CXCR4 or PDGFRA revealed the existence of both CXCR4
+ and PDGFRA + cell populations (Fig. 1B) . When we double stained the EBs with antibodies against both CXCR4 and PDGFRA we could demonstrate that these cell surface markers segregate the EBs into four cell populations: CXCR4 -/PDGFRA -; CXCR4 + /PDGFRA -, CXCR4 -/PDGFRA + and a cell population which expresses both CXCR4 and PDGFRA (Fig. 1B) . In order to further examine the identity of these cell populations we isolated them according to these surface markers using FACS. Following isolation, gene expression profile was performed for each of the populations. Correct sorting was verified by the expression levels of the marker genes PDGFRA and CXCR4 (Fig. 1C) . Both the CXCR4 + cells and the CXCR4 + /PDGFRA + cells express endodermal genes such as KIT, HNF1B and HHEX (Gouon-Evans et al., 2006; Ott et al., 1991; Thomas et al., 1998) . Interestingly, both the PDGFRA + cells and the CXCR4 + /PDGFRA + cells express mesodermal genes such as RND3, EDNRB and HES1 (Goda et al., 2009; Masamizu et al., 2006; Welsh and O'Brien, 2000) 
Characterization of the CXCR4 + cell population
During HESC differentiation into EBs the cells undergo profound gene expression change (Dvash et al., 2004) . In order to better characterize the CXCR4 + cells, we analyzed their gene expression profile using expression arrays, and compared it to HESCs and PDGFRA + cells. Two groups of genes arose from this analysis. One group contained genes such as PRDM1, GSC and LHX1 that were up regulated upon HESCs differentiation into either CXCR4 + or PDGFRA + cell populations ( Fig. 2A) , and are expressed in the primitive streak (PS) of gastrulation stage mouse embryo (Vincent et al., 2005; Norris et al., 2002; Shawlot and Behringer, 1995) . The second group contained genes such as HHEX, HNF1B and CXCR4 that were uniquely enriched in the CXCR4 + cell population ( Fig. 2A) , and are expressed in the mouse endoderm cell population in vivo (McGrath et al., 1999; Ott et al., 1991; Thomas et al., 1998) . The identity of the CXCR4 + cells was also verified by using HESCs genetically labeled with GFP under the promoter of the endodermal transcription factor SOX17. Thus, 57% of the differentiated CXCR4 + cells were also positive for SOX17-GFP (Fig. 2B) . Altogether, these results suggest that CXCR4 positive cell population represent committed endoderm progenitor cells.
Administration of HESCs with diverse growth factors has a great impact on their differentiation course (Kopper et al., 2010; Schuldiner and Benvenisty, 2003) . Specifically, the TGFβ pathway has been implicated to be involved in endoderm differentiation (D'Amour et al., 2006; Jiang et al., 2007a Jiang et al., , 2007b Roelandt et al., 2010) . We thus analyzed the role of ActivinA on HESCs differentiation into CXCR4 + cells in 3-day old EBs. Using qPCR analysis we found an up regulation of CXCR4 expression in EBs that were treated with ActivinA, and down regulation when the EBs were treated with SB-431542, a specific TGF-beta pathway inhibitor Inman et al., 2002) (Fig. 2C) . The up regulation in CXCR4 expression correlated with a rise in CXCR4 + cell percentage in early HEBs treated with ActivinA (Fig. 2C) . Interestingly, a low dose of ActivinA was sufficient to expand CXCR4 + cell population in early HEBs and higher doses had no additional major effect on CXCR4 + cell percentage (Fig. 2C ).
Differentiation course of CXCR4 + cells
In order to evaluate the correlation between CXCR4 + cells and early endodermal differentiation we devised a stepwise 7-day differentiation protocol. We first generated 3-day old HEBs with or without ActivinA, and then dissociated each sample into single cells that were plated on different matrigel coated tissue culture plates. We evaluated the percentage of CXCR4 + cells before plating and could demonstrate induction in CXCR4 + cells in early HEBs upon ActivinA addition. RNA was isolated from the cells after four additional days of differentiation. We utilized qPCR to compare the expression level of various endodermal markers such as: FOXA2, HNF1B and HHEX between the samples that were C. Left and right panels present gene expression of CXCR4 or PDGFRA, respectively, in four different cell populations. Green -CXCR4 positive cell population; Red -PDGFRA positive cell population; Blue -CXCR4 and PDGFRA positive cell population; Gray -cell population which is negative for both CXCR4 and PDGFRA cell surface markers. treated with ActivinA and those which were not treated with ActivinA (Fig. 2D) .
Thus, qPCR showed a correlation between the abundance of CXCR4 + cells and the up regulation of several endodermal genes. However, we could not detect up regulation of genes characteristic of more mature endodermal cells such as Albumin (ALB), nor could we reliably follow the course of CXCR4 + cell differentiation. In order to truly follow the differentiation fate of the CXCR4 + cells and to examine their ability to differentiate into more mature endodermal cells, we decided to purify the CXCR4 + cells and chart their course of differentiation. Thus, we dissociated 3-day old EBs that were treated with ActivinA and isolated CXCR4 + and CXCR4 -cells using FACS. Afterwards, we plated and grew the cells on matrigel coated plates and isolated RNA in different time points (4 or 6 additional days of differentiation) (Fig. 3A) . After four days of differentiation there was a profound morphological difference between CXCR4
-and CXCR4 + cell populations ( Fig. 3B ). At this time point, CXCR4
-cells grew in colonies that resembled HESCs whereas CXCR4 + cells created culture of differentiated cells (Fig. 3B) . Moreover, the rate of proliferation was much higher in the CXCR4 -cells then in the CXCR4 + cells, consistent with the described properties that are shared between the CXCR4 -cells and HESCs. The cells from 3 day-old EBs (Early) and the two subsequent time points (Mid and Late) were examined by gene expression arrays. We analyzed the expression of genes that we postulated as the gene expression signature of CXCR4 + cells ( Fig. 2A) , at the different differentiation time points. The expression of most of these genes, with two exceptions (HNF1B and PDZK1), was exclusive to the Early-CXCR4 + cells, indicating that CXCR4 + cells are a transient cell population, which rapidly differentiate in culture (Fig. 3C ).
K-means cluster analysis of CXCR4 -cells, CXCR4 + cells and their cell derivatives identified four different gene clusters indicative of the differentiation process (Fig. 3D ). Cluster 1 includes genes that were down regulated in Early-CXCR4 + cells and not in Early-CXCR4 -cells. Cluster 2 includes genes that are specifically over expressed in Mid-CXCR4 -cells. Cluster 3 expression levels by qPCR analysis ± SE. Expression levels of 3-day old HEBs that were treated with ActivinA or SB-431542 are compared to the expression level of untreated 3-day HEBs (control). * P value b 0.05. D. Shown are relative gene expression levels of different endodermal genes by qPCR analysis ± SE. Expression levels of samples that were derived from 7-day differentiation protocol, which included ActivinA treatment, were compared to the expression levels of samples that were not treated with ActivinA (control). Values are presented relative to control, scaled to 1. * P value b 0.05; ** P value b 0.01.
includes genes that are specifically over expressed in Mid-CXCR4 + cells. Cluster 4 includes genes that are over expressed in both Mid and Late-CXCR4 + cells. These four gene clusters reveal major differences between the CXCR4 + and CXCR4 -cells, and their differentiation potential. Cluster 1 contains pluripotent genes such as OCT4 and NANOG. Both cluster 1 and 2 contain genes that are specifically expressed in different neuronal cells. We analyzed the gene lists of clusters 3 and 4 with DAVID bioinformatics resource (Huang da et al., 2009a (Huang da et al., , 2009b and revealed enrichment of genes that are expressed in specific tissues. Gene cluster 3 was enriched with genes that are expressed in tissues of endodermal origin, such as the liver (Corrected P-value-2.2E−9), genes encoding plasma protein (Corrected P-value-3.8E−6), bile (Corrected P-value-4.3E −2) and colon (Corrected Pvalue-4.3E−2). Gene cluster 4 was also enriched with genes that are expressed in the liver (Corrected P-value-1.6E−3) and genes encoding plasma protein (Corrected P-value-3.1E −6). HNF4A and HNF1B genes are up regulated in Mid-CXCR4 + cell population and down regulated in Late-CXCR4 + cells (Fig. 3D and C) . Both of these genes are markers of the primitive gut (Barbacci et al., 1999; Coffinier et al., 1999; Duncan et al., 1994) . In order to demonstrate the endodermal differentiation potential of the CXCR4 + cells at the protein level we stained both CXCR4 + and CXCR4 -derivative cells with antibodies against FOXA2, HNF4A and ALB. While we could easily detect FOXA2, HNF4A and ALB positive cells in the CXCR4 + derivative cells (Fig. 4A ), there were hardly any positive cells for these markers in the CXCR4 -derivative cells. All together these results demonstrate the endodermal differentiation potential of CXCR4 + cells. In order to identify the key transcription factors that regulate CXCR4 + cells differentiation we used DAVID -transcription factor binding site (TFBS) enrichment analysis. This screening The effect of FGF2 on CXCR4 + cells
As CXCR4 + cells showed a potential for liver differentiation, we created a list of genes previously known to be either crucial for hepatocyte differentiation, or serve as markers for distinct phases in hepatocyte differentiation (Table 1 ). The genes were divided into three groups according to their temporal expression during differentiation. Genes that were up regulated either in Early-CXCR4 + cells, in Mid-CXCR4 + cells, or in both Mid and Late-CXCR4 + cells. The in vitro expression timing of these genes correlated with their order of expression during normal endoderm development (Table 1) . Genes, such as FOXA2 and HHEX that are up regulated in early endoderm development were expressed already in Early-CXCR4 + cells (Thomas et al., 1998; Ang et al., 1993) . Whereas genes, such as HNF4A, TR, ALB, AFP and TBX3 that are up regulated only after endoderm patterning and specification were expressed in Mid or Late-CXCR4 + cells (Duncan et al., 1994; Cassia et al., 1997; Cascio and Zaret, 1991; Jones et al., 2001; Chapman et al., 1996) . However, during differentiation of Mid-CXCR4 + cells into Late-CXCR4 + cells there was down regulation of hepatic related genes (cluster 3, corrected Pvalue-2.2E−9), such as ALB, HNF4A and LIPC ( Fig. 3D and Table 1 ). One possible explanation for this down regulation in hepatic genes is the absence of growth factor signals that are critical for hepatic cell maintenance. Various reports have demonstrated that the interaction between the cardiac mesoderm and the foregut endoderm through FGF signaling is crucial for different phases of liver development (FukudaTaira, 1981; Jung et al., 1999; Gualdi et al., 1996) + cells where OCT4 levels were unaffected by FGF2 treatment (Fig. 4B) . In order to examine whether the up regulation in the endoderm markers is an indication to the expansion of endoderm derivative cell populations, we isolated CXCR4 + cells, grew them with or without FGF2 and stained them with an antibody against FOXA2. We used high content microscopy in order to evaluate the percentage of FOXA2 positive cells in the different culture conditions. We discovered that 23% of the CXCR4 + cell derivatives that grew with FGF2 were FOXA2 positive, whereas only 16% of the CXCR4 + cell derivatives that grew without FGF2 were FOXA2 positive (our analysis includes a total of 752 and 1738 cells, respectively) (Fig. 4C) . Demonstrating 38% increase in FOXA2 positive cells following FGF2 treatment.
Discussion
Since the derivation of HESCs multiple differentiation protocols towards specific endodermal derivatives have been established (D'Amour et al., 2006; Jiang et al., 2007a Jiang et al., , 2007b Shim et al., 2007; Roelandt et al., 2010; Si-Tayeb et al., 2010; Van Vranken et al., 2007; Wang et al., 2007; Spence et al., 2010) . These differentiation protocols were based upon knowledge that was acquired through the study of animal developmental models. The derivation of HESCs provides an opportunity to explore the course of endoderm differentiation in a human in vitro model. In this work we have established a protocol that enables the dissection of the course of endodermal lineage differentiation. We characterized and isolated endoderm progenitor cells, studied their differentiation potential in defined conditions and compared it to normal endoderm development. Finally, we could demonstrate the effect of FGF2 on endoderm differentiation toward hepatocytes.
The definitive endoderm is established during the gastrulation process. It was demonstrated in several animal models that the definitive endoderm differentiates from the mesendoderm -a bi-potent progenitor cell in the primitive streak region that can differentiate into both endoderm and mesoderm (Rodaway and Patient, 2001; Tada et al., 2005) . We have previously demonstrated the existence of a mesendoderm cell population in early HEBs (Kopper et al., 2010) . In the current study we used two cell surface markers, CXCR4 and PDGFRA, which specify endoderm and mesoderm, respectively (McGrath et al., 1999; Yusuf et al., 2005; Mizoguchi et al., 2008; Yang et al., 2008; Ataliotis et al., 1995; Mercola et al., 1990) , and are co-expressed in the mesendoderm cell population (Fig. 1B) . Using these cell surface markers we uncovered that in addition to the mesendoderm cell population (NCAD We suggest that these cell populations originate from the mesendoderm cells and correspond to the endoderm and mesoderm, respectively. Accordingly, we could demonstrate that both cell populations express genes such as PRDM1, GSC and LHX1 that are expressed in the primitive streak (PS) of gastrulation stage embryo ( Fig. 2A) (Vincent et al., 2005; Norris et al., 2002; Shawlot and Behringer, 1995 ). Here we decided to focus on the endodermal cell lineage which is of great clinical importance. Thus, we confirmed the developmental identity of the CXCR4 + cells by demonstrating their endodermal differentiation potential.
Once we recognized the definitive endoderm progenitor cells, we could compare their gene expression profile to other progenitor cells and sketch their unique gene signature ( Fig. 2A ). We evaluated the expression level of this gene signature over time and demonstrated that as expected from genes that specify a progenitor cell, most of them are down regulated upon differentiation (Fig. 3C) . The endoderm progenitor cell gene signature includes both known endodermal genes such as HHEX, HNF1B, cKIT and CXCR4 and genes that were not shown to be related to the induction of the early endoderm. Among these genes we can find CXCR7 and LGR5, two receptors that can serve as additional definitive endoderm cell surface markers. Interestingly, LGR5, which is an orphan G-protein coupled receptor, serves as a marker for endodermal adult progenitor cells of the small intestine, colon and stomach (Barker et al., 2010) . When we analyzed the endoderm progenitor cells on a single cell level we could demonstrate that high percentage of them are positive to SOX17 (Fig. 2B) .
The first stage of many endodermal differentiation protocols includes ActivinA treatment. In this work we demonstrated that low ActivinA concentration (15 ng/ml) is sufficient to induce a considerable increase in the percentage of endoderm progenitor cells, and elevation in ActivinA concentration had no additional major effect on their percentage (Fig. 2C) . The importance of TGF-beta signaling in endodermal differentiation was corroborated by the inhibition of the pathway in early HEBs, which resulted in down regulation of CXCR4 gene expression (11 fold reduction relative to control) (Fig. 2C) . Definitive endoderm formation is followed by the establishment of the primitive gut tube that is patterned into the hindgut, midgut and foregut, from which the endoderm organs are specified (Zorn and Wells, 2009) . To follow the initial stages of this process we purified the endoderm progenitor cells and analyzed their differentiation course in three different time points (Fig. 3A) . By isolating these cells we significantly reduced the influence of other cells on their differentiation. Unbiased functional annotation of the endoderm derivatives gene expression demonstrated that the endoderm progenitor cells could differentiation into both foregut (liver (Corrected P-value-2.2E −9), bile (Corrected P-value-4.3E −2)) and hindgut (colon (Corrected P-value-4.3E −2) tissues. Up regulation of both liver and bile genes suggest that the differentiation occurred through hepatoblasts -progenitor cells that can differentiate into both hepatocytes and cholangiocytes (bile duct epithelial cells) (Zaret and Grompe, 2008) .
The expression onset of endodermal genes in our system resembled their expression timing in normal endoderm development demonstrating the system ability to recapitulate aspects of normal endoderm development. Accordingly, FOXA2, HHEX and HNF1B that are expressed during early endoderm formation were the first endodermal genes to be expressed in our system. In contrast, ALB, HNF4A and TTR that are expressed later on during endoderm specification, were expressed only after further differentiation of the endoderm progenitor cells (Table 1, Fig. 3C ). Interestingly, some hepatic genes were unexpectedly down regulated upon Mid-CXCR4 + differentiation. This down regulation could occur due to the isolation of the endoderm cells from other cells, which may have prevented a cross talk between different cell types that may be necessary for their differentiation and maintenance. The interaction between cardiac mesoderm and foregut endoderm, which leads to hepatic differentiation through FGF2 signaling was demonstrated in several models. It was also demonstrated that when HESCs form teratomas, the hepatic like cells develop next to cardiac mesoderm like cells (Lavon et al., 2004) . Congruently, in our system we demonstrated, both in expression level and in single cell microscopy level, the importance of FGF2 in endoderm derivative maintenance. FGF2 had an opposite effect on CXCR4 -cells, demonstrating context depended nature of FGF signaling. Finally, we present the major steps of endoderm differentiation that can be recognized in our model (Fig. 5) . We demonstrate that as the cells proceed through differentiation the differences between them and the cell of origin are more pronounced (Fig. 5) .
In conclusion, in this current study we present an endoderm differentiation model system that recapitulates some of the initial events that occur during endoderm development. We demonstrated that once endoderm progenitor cells are separated from other cell types and create their own niche, they can differentiate and express genes that are up regulated during endoderm organogenesis into hepatic, bile and colon tissues. This differentiation occurs without any additional treatment with growth factors that are commonly used in order to induce such a differentiation process. However, when the endoderm derivative cells continue to grow in culture there is a need for additional growth factors to maintain the expression of hepatic genes. Thus, we were able to follow endoderm specification and demonstrated the importance of FGF2 in the maintenance of hepatic gene expression. We suggest that isolating endoderm progenitors is crucial to the analysis of their fate, and to examine the factors involved in their differentiation. This approach has a great potential to improve and create new differentiation protocols. Moreover, it has major importance for the study of human endoderm development.
Materials and methods

Cell Culture
Human ES cells, H9 (Thomson et al., 1998) or CSES2 (Biancotti et al.; Lavon et al., 2008) cell lines, were cultured on mitomycin-C treated mouse embryonic fibroblasts (MEFs, obtained from 13.5 day embryos) in 85% KnockOut DMEM medium (GIBCO-BRL), supplemented with 15% KnockOut SR (GIBCO-BRL), 1 mM glutamine, 0.1 mM β-mercaptoethanol (Sigma), 1X nonessential amino acids stock (GIBCO-BRL), Penicillin (50 units/ml), Streptomycin (50 μg/ml), ITS (insulin-transferrin-selenium) in a 1:200 dilution (GIBCOInvitrogen Corporation), and 4 ng/ml basic fibroblast growth factor (bFGF). In-vitro differentiation into embryoid bodies (EBs) was performed by withdrawal of bFGF from the growth media and allowing aggregation in Petri dishes as previously described (Thomson et al., 1998) . 66 ng/ml (unless indicated otherwise) of ActivinA (Peprotech Inc., Rocky Hill, NJ), was added with the initiation of EBs formation (day 0). 10 ng/ml of FGF2 (Peprotech Inc., Rocky Hill, NJ) was added once the isolated cells were plated on matrigel coated plates (day 3) (only in the experiment that is described in Fig. 4B and C) . The plates that were used in monolayer differentiation experiments were coated with matrigel basement membrane matrix (Becton Dickinson), dilution 1:20 for 3 h in room temperature.
To analyze endodermal differentiation in HESCs, the cells were genetically labeled with an endodermal marker. Thus, eGFP was inserted into a BAC containing the SOX17 gene, the SOX17-GFP construct was introduced into CSES2 cells.
Real-Time RT-PCR
Total RNA was extracted using RNeasy Mini or Micro (Qiagen, Valencia, CA). RNA was reverse transcribed by random hexamer priming (Promega, Madison, WI). TaqMan probes (Applied Biosystems, Warrington, U.K.) were used for real-time RT-PCR of CXCR4, FOXA2, HHEX and OCT4 genes. Real-time PCR for ALB, HNF4A and HNF1B was performed with SYBR green (Applied Biosystems, Warrington, U.K.) Primer sequences for SYBR green reactions are available on request.
DNA Microarray Analysis
Global gene expression analysis was performed using Affymetrix Gene ST1.0 microarray. Washing and scanning were performed according to manufacturer's protocol, and expression patterns were compared between samples. Signals were normalized by RMA algorithm (PARTEK software).
FACS analysis
EBs were incubated with Cell Dissociating Buffer (GIBCO, 13151-014) in 37°C for 20 min. and washed with 10% FCS in PBS with 0.05% sodium azide. Dissociated cells were suspended to a final concentration of 5 × 10 6 cells/ml. Cells were incubated with CXCR4-PE-Cy5 (1:20) or PDGFRA-PE (1:20) antibodies (BD Pharmingen) for 45 min. on ice, and then analyzed with FACSCalibur system (Becton Dickinson). Analysis was performed on CELLQUEST software (Becton Dickinson). Forward and side-scatter plots were used to exclude dead cells and debris.
Immunostaining
For immunostaining, the cells were washed once with PBS and fixed with 4% paraformaldehyde. Blocking and permeabilization were performed with 2% bovine serum albumin, 10% low-fat milk, and 0.1% Triton-X in PBS. Staining with first antibody (FOXA2 (abcam; ab40874) 1:300; ALB, HNF4A (Santa Cruz; sc69873, sc6556) 1:50, 1:100) was performed for 1 h at room temperature. Secondary antibody staining was performed for 1 h at room temperature in a 1:200 dilution. Nuclear staining was performed with Hoechst 33258 (Sigma-Aldrich).
Cell Sorting
EBs were disaggregated and stained with anti-human PDGFRA-PE (BD Pharmingen) (1:20) and anti-human CXCR4-PE-Cy5(BD Pharmingen) (1:20). Cell sorting was performed by using FACSAria Cell-Sorting System (Becton Dickinson). We used the 100 μm nozzle with low pressure.
Statistics
The corrected p-value, which is presented in the DAVID analysis, refers to Benjamini multiple test correction. N = 3 in all real-time PCR experiments. P-value was calculated using students t-test.
Supplementary materials related to this article can be found online at doi:10.1016/j.scr.2011.12.006.
